Urgent stenting via internal jugular vein for stabilization in critical neonates with total anomalous pulmonary venous connection and severe pulmonary venous obstruction  by Matsui, Hikoro et al.
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Reducing  obstruction  in the  vertical  vein  is signiﬁcant  for stabilizing  the  condition  in  neonates  with
total  anomalous  pulmonary  venous  connection  (TAPVC).  Stent  implantation  into  the  vertical  vein  is an
alternative  treatment  for  rescue  in  critical  patients  with  TAPVC  and  severe  pulmonary  congestion.  We
performed  a  stent  implantation  into  the supra-cardiac  vertical  vein  for rescue  and  stabilization  of  a  critical
newborn  with  TAPVC.  The  internal  jugular  vein  was selected  for sheath  insertion  under  echo guidance  intent implantation
escue
ertical vein
ugular vein
an urgent  procedure,  which  took  11  min  from  venous  puncture  to  stent  implantation.  The  internal  jugular
approach  is optimal  for stent  implantation  in  patients  with  supra-cardiac  TAPVC in a critical  condition.
<Learning  objective:  Learning  alternative  methods  are  valuable  for rescue  and  treatment  against  crit-
ical conditions  with  congenital  heart  disease  in neonates.  This  report  can provide  useful  and  optimal
technique  for  rescuing  a critical  patient  with total  anomalous  venous  connection  with  severe  pulmonary
venous  obstruction.>
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Total anomalous pulmonary venous connection (TAPVC) fre-
uently requires urgent treatment in critical patients with
ulmonary venous stenosis. Surgical repair is the most common
trategy for improving pulmonary congestion, while the surgery
tself requires cardio-pulmonary bypass, which causes further pul-
onary edema in neonates. Cardiac surgery with cardiopulmonary
ypass for critical patients carries a high risk of signiﬁcant compli-
ations, including intracranial hemorrhage or organ ischemia.
Stent implantation for pulmonary venous obstruction is an
lternative option for treatment of TAPVC with pulmonary conges-
ion in neonates. It will be applied for extremely critical conditions,
o rescue and stabilize by reducing pulmonary congestion and
elieving severe hypoxia. Stent implantation is a much less inva-
ive procedure than cardiopulmonary bypass, with minimum risk
xpected as a result of improved pulmonary circulation. This pro-
ides a stable condition prior to surgical repair for TAPVC, with
etter prognosis for patients.
Stent implantation into the vertical vein requires optimal prepa-
ation, and immediate performance in signiﬁcantly critical patients
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with TAPVC, to relieve hypoxia and stabilize the patient’s condition
for rescue and better prognosis. We  performed stent implanta-
tion into the vertical vein via the internal jugular vein, to rescue
a neonate presenting with TAPVC plus critical pulmonary venous
obstruction. The procedure was  urgently performed in short order,
and bridged to the next surgical repair for TAPVC.
Case report
A boy was  born at 39 weeks of gestation by normal vaginal deliv-
ery. His body weight was 3000 g. His Apgar score was  nine at 1 min,
and nine at 5 min. However, the boy demonstrated cyanosis and
severe respiratory distress soon after birth. Supra-cardiac TAPVC
without intra-cardiac anomalies was  diagnosed at a neighboring
hospital and the infant was referred to us. Three problems were
established: the ﬁrst was that his clinical condition was extremely
critical with deep cyanosis [low PaO2 at 16 Torr (SpO2 40%) and high
lactate at 6.1 mmol/L]. His blood pressure held at around 40 Torr in
systole and chest X-ray demonstrated extremely hazy lung requir-
ing restrictive respiratory control by ventilator. The second was
that our cardiovascular surgical team was away from the hospi-
tal, so urgent intra-cardiac surgery was  unfortunately unavailable.
The third was  that aero-transportation was unavailable because of
dark, while transportation by ambulance would take 4 h to another
surgical hospital. Therefore, a stent implantation into the stenotic
vier Ltd. All rights reserved.
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Fig. 1. Structure of total anomalous pulmonary venous connection by echocardiog-
raphy (left) and its schema (right). The stenotic lesion is the vertical vein passing
over the left pulmonary artery (arrowhead). Ao, aorta; LLPV, left lower pulmonary
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Fig. 2. Angiography of supra-cardiac total anomalous pulmonary venous connec-
tion. (A) Schema (left), proximal site of the vertical vein (middle) and distal site of
the vertical vein with common pulmonary venous chamber (right). The 5-cm short
sheath directly reaches the vertical vein (arrow) and proximal site of the vertical
vein shows dilatation. The vertical vein demonstrates severe stenosis (white arrow
head). The distal site of the vertical vein measured at 3.8 mm in diameter. (B) Stent
implantation into the vertical vein. The stent was mounted to avoid pulmonary
branch stenosis. (C) Pulmonary veins and the vertical vein after stent implantation.
Congestion was dramatically improved (left). The stent was proximally placed to
avoid obstruction of the oriﬁce of the left upper pulmonary vein (black arrow head).ein; LPA, left pulmonary artery; LUPV, left upper pulmonary vein; MPA, main pul-
onary artery; RLPV, right lower pulmonary vein; RUPV, right upper pulmonary
ein; RPA, right pulmonary artery; SVC, superior vena cava; VV, vertical vein.
esion of the vertical vein was comprehensively planned and pre-
ared prior to his admission. Our plan focused on performing the
mplantation as quickly as possible.
Within 5 min  from arrival at our hospital, a pediatric cardiol-
gist conﬁrmed diagnosis as TAPVC with supra-cardiac vertical
ein with obstruction at the lesion where it passes over the left
ulmonary artery (Fig. 1). Neonatologists obtained chest X-ray,
lectrocardiogram, and arterial pressure lines while parental con-
ent was gained after explaining the condition using a prepared
onsent sheet during the following 10 min. The patient was  trans-
erred to the catheter room for the stent implantation at 20 min
fter arrival and prepared by the anesthesiology team.
The left internal jugular vein was selected for the procedure
efore a 5F sheath (5 cm in length) was established using echo-
uidance to puncture. After angiography of the vertical vein by
ulti-purpose catheter, a 0.014 in. BMW  guide wire was inserted
hrough a 4F right Judkins catheter, followed by coronary stent
mplantation into the stenotic lesion (Fig. 2). (Multi-Link VISION
 mm × 18 mm,  16 atm) Sheath insertion to stent implantation took
1 min. The patient’s general condition and pulmonary congestion
mproved dramatically following the implantation (PaO2 28 Torr,
pO2 80%, and lactate 1.5 mmol/L, respectively. There was no intra-
ranial complication, such as intra-cranial hemorrhage or venous
hrombosis. He was transferred to another hospital for cardiac
urgery under stable condition on the next day after the implan-
ation. The patient has been free from symptoms post surgery,
nd shows normal development during the one year of follow up.
o stent migration, thrombosis, or pulmonary venous stenosis has
een found.
iscussion
TAPVC is one of the representative disorders demonstrating
evere respiratory distress in newborns. Severe pulmonary con-
estion by pulmonary venous obstruction in particular leads to
 critical condition, resulting in poor prognosis if untreated [1].
rgent intervention is vital in TAPVC with pulmonary venous
bstruction, to reduce pulmonary congestion and improve the crit-
cal condition while elective surgical intervention is applicable in
APVC without pulmonary venous obstruction. Thus, the treatment
f pulmonary venous obstruction is vital to obtain a stable condition
n patients with TAPVC.
Stent implantation into a supra-cardiac vertical vein to reduce
ulmonary congestion has been performed to rescue and stabilizeLUPV, left upper pulmonary vein.
critical patients with TAPVC. Kilgore et al. reported stent implan-
tation into the vertical vein of a 6-week-old infant in a critical
condition, followed by surgical correction after one week [2]. Lo-
A-Njoe et al. described a critical neonate with TAPVC who  received
a coronary stent implantation to rescue before surgery [3]. Kyser
et al. presented a stent implantation under extra-corporeal mem-
brane oxygenation in a newborn with TAPVC to stabilize a lung
condition [4]. All cases were critical, and all survived. This suggests
that this procedure can be an alternative choice for rescue in the
treatment of TAPVC with severe pulmonary venous stenosis, if the
patient’s condition is critical.
We  chose the left internal jugular vein to approach the verti-
cal vein because of the easier access to the stenotic lesion than the
femoral approach. In fact, the route from the sheath to the ver-
tical vein was  morphologically linear. This linear route provides
better torque transmission, and better catheter manipulation than
curved routes described in previous reports. The femoral approach
required a long sheath or a guide-catheter to reach the vertical
vein, resulting in a large, short sheath in the femoral vein. The short
sheath we used was sufﬁciently long to reach the vertical vein from
the jugular approach, and easy to handle. This demonstrates that
the internal jugular vein is a fantastic approach for stent implanta-
tion to the vertical vein in patients with supra-cardiac TAPVC.
A coronary stent was implanted in our case, while some reports
used vascular stents, to the vertical vein. Kilgore et al. and Kyser
et al. chose Genesis stents for stent implantation, using 0.035 in. and
0.018 in. guide wires respectively. Lo-A-Njoe implanted a coronary
stent using 0.014 guide wire. No difﬁculties have been reported
for implantation, while both type of stents offer ﬂexibility and
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rackability, suggesting current ﬂexible stents are good choices for
tent implantation in neonates.
No complications regarding venous access or stent implanta-
ion were found in our case. Several complications have been
eported elsewhere, however. Tu et al. reported increased risks
f complication by cervical sheath insertion including arterial
rauma, hematoma, pneumothorax, thrombosis, or cardiopul-
onary arrest [5]. They strongly recommended cannulations under
ltrasound guidance in children. We suggest that echo-guided
onitoring for venous puncture and quick catheter procedure
esults in reduced risk of trauma or thrombosis. Thus, several
rocedural improvements will reduce complications in catheter
ntervention.
Furthermore, we planned for several scenarios in order to per-
orm our urgent catheter intervention as quickly as possible. We
lready plotted out a timeline and assigned roles to physicians,
urses, and medical colleagues. All equipment was prepared and
ositioned in advance including echo-machine in the catheteriza-
ion room for puncture to establish the venous route. All these
actors contributed to a shorter procedure for catheter intervention
ubjects in this procedure.
Stent implantation may  not be suitable for other types
f TAPVC, apart from infra-cardiac, because the position the
ommon pulmonary vein is adjacent to the superior vena
ava/atria, causing systemic venous stenosis or cardiac trauma.
he choice of treatment between cardiac surgery and catheter
[ogy Cases 8 (2013) e51–e53 e53
intervention is always controversial. We  had no choice other than
to perform stent implantation because the surgical team was
unavailable. Planned surgery or catheter intervention based on
prenatal diagnosis may be ideal while fetal diagnosis of TAPVC is
difﬁcult.
In conclusion, stent implantation may  be an alternative proce-
dure to rescue and stabilize critical patients with TAPVC and severe
pulmonary venous stenosis. The internal jugular approach, thor-
ough planning and preparation, are signiﬁcant for the success of this
urgent procedure. Optimal strategy will reduce any risk of compli-
cations in surgery, resulting in improving developmental prognosis
in patients with TAPVC.
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